A 3-year-old satsuma mandarin tree (Citrus unshiu Marc. cv. Sugiyama) on Poncirus trifoliata rootstock was grown in a 15-liter pot containing soil. Immediately after fed with 7.1g of 15N-ammonium sulfate, it was kept in a refrigerator for one month from mid-September to mid-October.
Introduction
In many perennials, there are changes in nitrogen metabolism during the season of progressively decreasing temperatures (3, 14) .
In the concrete, there are increases in soluble protein (9, 12) and in free amino acids, especially arginine (11, 12) and proline (1,2,8,15).
Tromp and Ovaa (13) reported that in winter the bark of a young apple tree stored a special protein with a markedly high level of arginine. Kubota et al. (8) showed that there was an accumulation of proline and arginine in citrus leaves and twigs, and of proline and asparagine in fine roots, in winter. Yelenosky (15) reported proline accu- 1 mutation in the leaves of orange and grapefruit trees on a wide range of citrus rootstocks during cold hardening. Such acccumulation varied with the leaf age and light conditions. Information on proline accumulation in organs other than leaves is lirrlited.
Low temprature seriously influences partitioning of nitrogen uptaken.
Kubota e't al. (7) showed that the nitrate translacated upward amounted to 47% of the total uptake in October, but decreased to 37% in November.
There are no data on the partitioning of ammonium nitrogen. To learn more about the utilizatio n of nitrogen during the season of decre. asing temperatures, partitioning of 15N-ammo nium uptaken and the accumulation of laE~elled free amino acids, especially arginine and proline, in various parts of the tree were examined.
Materials and Methods
Two 3-year-old satsuma mandarin trees on Poncirus trifoliata rootstock grown in 15-liter pots containing soil were used. At 8.00 hr on September 18, 1976, each tree was supplied with 200m1 of nutrient solution containing 7. lg of (15NH4)2SO4(5.5 atom%), 2.2g of KH2PO4i 2.Og of CaCl2. H2O and 0.5g of MgSO4.7H2O.
Then, one of the trees was immediately put in a refrigerator (70cm in height, 45cm in depth, and 60cm in width) with a glazed front door, which was always slightly opened. The other tree, as a control, was put in a box of the same size, and its glass door was set at a distance 1Ocm apart from the front face so as not to raise the temperature.
The trees received only natural light through the door. The temperatures at various places in the tree crown were measured in the refrigerator but not in the control box. The temperature difference among the various places of the tree crown was less than 6°C at 13.00 hr. This difference decreased to less than 3°C after sunset. Temperatures at the centers of both tree crowns were recorded by a maximum-minimun thermometer.
Mean day temperatures in the refrigerator was progressively lowered from 20°C to 10°C over 12 days and then kept around 10°C for the following 18 days with a diurnal range of temperature within 12°C. The control tree, however, was kept at ambient temperatures. One to two hundreds ml of tap water was supplied to each pot every day. The refrigerator and the control box were rotated slightly at 8. 00, 10. 00, 12. 00, 14.00 and 16.00 hr so that they faced the sun at 9. 00, 11. 00, 13. 00, 15.00 and 17.00 hr, respectively. The trees were harvested at 13.00 hr on October 19 and were divided into several parts shown in Table 1 . Samples were kept in a freezer (-20°C) until assay. Assays of nitrogenous components: A portion of the samples was digested by the modified Kjeldahl method(salicilic acid-thiosulfate method).
Distilled ammonium was collected in separate vessels, one containing an indicator solution to estimate nitrogen content and the other containing a small volume of 1 N HCl for 15N determination (4) . Another protion of the samples was homogenized and extracted with 70% ethyl alcohol containing 100mM KCI. The extract was treated with activated charcoal to remove plant pigments and then passed through an Amberlite IR 120 (H+)-resin column. Absorbed components were eluted with 2M NH4OH and concentrated to a small volume. Amino acids in the concentrated solution were analyzed with an autoanalyzer.
The major free-amino acids were separated by two dimensional paper chromatography and combusted to N2 gas by the Dumas method (5). 15N abundances were assayed emissionspectrometrically.
Results and Discussion
Partitioning of nitrogen uptaken At 12.00 hr on October 22, the maximum light intensities in the empty refrigerator and the control box were 74% and 76%, respectively, of the solar radiation (700W! ). When the refrigerator contained a tree, the light intensity on the back surface of the tree crown was 12%.
Under such conditions, a few leaves inside the tree crown received the minimum light of 20W/m2 at 12.00 hr, which was twice the compensation point for light intensity (10) .
Thus, for the tree as a whole, the decrease in the Nitrogen partitioned to the top parts amounted to 59.9% and 42.9% of total nitrogen uptaken in the control and in the cooled tree, respectively. The upward translocation was reduced by the low temperature.
Most of the i5N remaining in the underground parts was found in the fine roots.
Furthermore, partitioning to the leaves was also limited by the low temperature, as shown in the distribution of source nitrogen.
The ratios of the percentage distribution of 15N(A) to that of total nitrogen (B) in both old and new leaves were shown to be lower, while those in the spring twigs to be higher, in the cooled tree than in the control one. This means that nitrogen translocation from the twigs to leaves in disturbed by the cold treatment.
However, in a tree fed with nitrate, this phenomenon was not found(7). Kato (6) has indicated that the nitrogen compounds were transported upward mostly as amides, and particularly as asparagine, in a citrus tree fed with ammonium nitrogen. Therefore, amide translocation might be affected more severely in the petiole than nitrate translocation in a low temperature regime.
The ratios of AFB showed that partitioning to the fruit, especially to the peel, was also limited by the cooling treatment and that, in the trunk and crown root, partitioning to the bark was less than that to the wood, while the reverse was true in the medium roots, irrespective of the cooling treatment. We consider that this is because medium roots can take up ammonium ions in the soil. At least in the trunk, more nitrogen taken up as ammonium form is partitioned to the wood than to the bark in autumn.
Formation and accumulation of labelled amino acids Total content of free amino acids in the leaves of both trees slightly increased during the month of the experiment.
However, no amino acids showed a marked change in quantity except for proline, which increased Table 2 . Influence of the low temperature on the pool size of free amino acids in the current leaves (umol/g fw). Table 2 ). The composition of the free amino acids formed from 15N in the leaves is shown in Table 3 . Major labelled amino acids in the control tree were serine(32%), proline(39%) and asparagine(11%0), instead of serine(15%) and proline (68%) in the cooled tree. The decrease in serine in the cooled tree seems to be caused by decreased photosynthesis, since serine synthesis is related to photorespiration of leaves. The decrease in labelled asparagine in the leaves of cooled tree is, we consider, connected with the above suggestion that amide translocation is limited more severely in the petiole than nitrate translocation by low temperatures. Isotopic abundances of proteine in the leaves were 0.56 and 0.42 atom% excess in the control and in the cooled tree, respectively.
On the other hand, isotopic abundances of total N IN CITRUS TREES IN AUTUMN 5 nitrogen were 0.32% and 0.12%, respecitvely. Comparison of these values indicates that 15N concentration of proline in the cooled tree is relatively high, as might expected if proline formation in the leaves was hardly suppressed by the cooling treatment.
Proline accumulation in citrus leaves has been reported by Kubota et al. (8) and Yelenosky (15) , but its mechanisms are unknown. Proline accumulation is a function of its synthesis, its formation by protein degradation and proline breakdown. Increases in protein content during the autumn season are observed in many plants (9, 12) and unpublished data from our laboratory also show increases of protein in citrus leaves. Proline synthesis is not severely suppressed by the cooling treatment and it is unlikely that proline accumulation is caused by protein degradation. Therefore, proline accumulation seems to be caused by suppression of its degradation.
As shown in Table 4 , the pool size of serine and asparagine was decreased only in the small roots but that of proline and arginine was not affected in any plant parts by the cooling treatment.
According to the unpublished data from our laboratory, increases of proline and arginine have been observed in twigs, stems and other woody parts in winter. Probably the accumulation of these amino acids in woody parts proceeds after late November.
Molar composition of labelled free amino acids in the spring twigs, trunk, small roots and fine roots is shown in Table 5 . The major amino acids found were asparagine, proline, independent of the treatment or plant parts, and these three amino acids accounted for 64-78% of the total labelled amino acids.
The cooling treatment was suppressive on the labelling of proline in the trunk, asparagine in the small roots and arginine in the fine roots, while stimulative on the labelling of asparagine in the trunk, and aspartate and proline in the small roots. No information is yet available to show how low temperature affects the nitrogen metabolism in woody carts.
Amount of labelled free amino acids in each part are shown in Figure 2 Values are expressed as amounts of each amino acid newly synthesized with source nitrogen and pooled. Solid bars : the cooled tree. Open bars : the control tree. 
